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Nucleotide Sequences and Use* Thereof 

The present invention relates to recombinant DNA technology. In 
particular the invention relates to nucleotide sequences which code for 
glutamine synthetase (L-glutamate : ammonia ligase [ADP-forming ] . (EC 
6 .3 .1 .2) ) ( GS) and to uses of such nucleotide sequences. 

Glutamine synthetase (GS) is a universal housekeeping enzyme responsible 
for the synthesis of glutamine from glutamate and ammonia using the 
hydrolysis of ATP to ADP and phosphate to drive the reaction. As such it 
is involved in the integration of nitrogen metabolism with energy 
metabolism via the TCA cycle, glutamine being the major respiratory fuel 
for a wide variety, possibly the majority, of cell types. 

GS is found at low levels (0.1% - O.OrS of soluble protein) in most* 
higher vertebrate cells and is found at higher levels (>1% of total 
protein) in certain specialised cell types such as hepatocytes. adipocytes 
and glial cells. A variety of regulatory signals affect GS levels within 
cells, including glucocorticoid steroids and cAMP, and medium glutamine 
appears to regulate GS levels post translational ly via ADP r ibo syla t ion . 

GS from all sources is subject to inhibition by methionine sulphoximine 
(Msx), this compound appearing to act as a transition state analogue of the 
catalytic process. Extensively amplified GS genes have been obtained 
(Wilson R. H.» Heredity 49, 181 (1982) and Young A. P. & Ringold G. M. . 
(1983) J. Biol. Chem.. 258, 11260-11266) in variants of certain mammalian 
cell lines selected for Msx resistance. Recently Sanders and Wilson 
(Sanders P. G. & Wilson R. H. The EMBO Journal, Vol 3, No. 1, pp65-71, 
1984) have described the cloning of an 8.2 kb Bgl II fragment containing 
DNA coding for GS from the genome of an Msx resistant Chinese hamster overy 
(CHO) cell line KGIMS. However this fragment does not appear to contain a 
complete GS gene and it was not sequenced. 
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We have now further applied the techniques of recombinant DNA technology 
to GS and have obtained recombinant cONA clones corresponding to the whole 
of the mRNA coding for a GS from gene amplified CHO cells. These clones 
have been sequenced enabling us to determine the cDNA sequence 
corresponding to the coding portion of the mRNA of this GS. This has 
further enabled us, not only to predict the full length amino acid sequence 
of this GS, but also to make effective use of this DNA sequence in a number 
of recombinant DNA applications. This work provides, for the first time a 
full length gene sequence coding for an eucaryotic GS. 

Accordingly in a first aspect the invention provides a nucleotide 
sequence coding for the complete amino acid sequence of an eucaryotic GS. 

The nucleotide sequence of the first aspect of the invention typically 
comprises a DNA sequence coding for the complete amino sequence of a 
mammalian GS . In particular the DNA sequence comprises a DNA sequence,* 
preferably a cDNA sequence, coding for the GS of a rodent such as a mouse, 
rat or especially a hamster. For instance, the sequence may be a hamster 
GS coding sequence substantially as hereinafter shown in Figure 2. It will 
be appreciated, however that the DNA sequence of Figure 2 (or the 
corresponding mRNA sequence) or parts thereof may be used as hybridisation 
probes for obtaining, GS coding sequences from other sources including cells 
of different animal species, using DNA hybridisation techniques. Thus the 
invention includes DNA sequences which hybridise under appropriate 
conditions, e.g. conditions of high stringency, with the sequence of Figure 
2 or part thereof or corresponding RNA sequences. 

Furthermore nucleotide sequences coding for GS e.g. the sequence of 
Figure 2, parts thereof, or RNA corresponding thereto may be used in 
diagnostic or medical applications; for instance, in those diseases states, 
such as those associated with certain tumours, where GS levels are altered. 

Generally however the DNA sequence of the invention may be used in a 
variety of recombinant DNA applications. 
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Thus in a second aspect the invention provides a vector containing a DNA 
sequence according to the first aspect of the invention. 

Furthermore, in a third aspect the invention provides host cells 
transformed with a vector containing a DNA sequence according to the first 
aspect of the invention. 

A GS DNA sequence according to the invention may be used in the co- 
amplification of non-selected genes. In such applications the GS gene and 
the non-selected gene may be present either in the same vector or may be 
co-transfected into appropriate host cells in separate vectors. 

Also the GS DNA sequence may be used as a dominant selectable marker for 
introducing genes, e.g. heterologous genes, into appropriate host cells. 

Preferably GS may be used for co-amplification of non-selected genes or 
as a dominant selectable marker in higher eucaryotic host cells, such as 
mammalian cells e.g. wild type CHO cells. ^ 

GS has advantages for use in these applications as compared with other 
genes; for instance, the DHFR: methotrexate co-amplification system which 
has been described previously by other workers e.g. Axel e_t. §_1. (US 
Patent No. 4 399 216) , in view of particular aspects of glutamine 
metabolism and the means which are available for regulating GS synthesis 
and turnover. 

Thus various cell lines differ in their endogenous GS activities and in 
their ability to utilise glutamate in the medium as a substrate for the 
enzyme . 

GS deficient cell lines may be obtained by screening or selection using 
known techniques, and such cell lines may provide host cells for 
transfection with GS genes. The GS gene may be used as a dominant 
selectable marker for transfection of such host cells. In these cells the 
GS gene may act as a dominant selectable marker for transfection. 
permitting growth in medium lacking glutamine but containing glutamate. 
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Furthermore, other cell lines are defective in their ability to take up 
glutamate, and variants may be selected which are able to grow on medium 
lacking glutamine but containing glutamate. Such variant cell lines may 
also be used as host cells for transfection with a GS gene as a dominant 
selectable marker, even when endogenous GS genes are active. 

GS deficient cell lines and variant cell lines as described above, and 
advantageously also cell lines which are adapted to glutamate utilisation, 
may be transfected using a GS gene as a dominant selectable marker. Thus 
the GS gene may endow the transfected host cells with resistance to levels 
of glutamine analogues, such as Msx, which would be toxic for corresponding 
non-transfected host cells. Advantageously, the levels of glutamine 
anologues used for selection are sufficiently high to prevent selection of 
resistant non-tranf ected variants arising from amplification of endogenous 
(resident) GS genes. In preferred embodiments endogenous GS activity may^ 
be reduced or even abolished, for instance, by treatment with dibutyryl- 
cAMP + theophylline e.g. in the case of 3T3-L1 cells. 

Co-amplification of the GS and non-selected genes in transfected cells 
may be achieved by selection for resistance to progressively increased 
levels of an inhibitor of GS e.g. phosphinothr icin or Msx. 

Such GS inhibitors are typically highly specific to GS, cheap to produce 
and have high solubility in aqueous solution, advantageously permitting 
high concentrations of the toxic inhibitor to be used. 

Further advantages of GS stems from the potentiation of the inhibitory 
effect of Msx which may be achieved. Thus, for example, Msx may be 
potentiated by addition of methionine to the culture medium, or 
alternatively by reducing the glutamate concentration in the medium. In 
this way relatively low levels of toxic inhibitor may be required to select 
cells containing very highly amplified genes. 

Also, in particularly preferred embodiments, the requirement for Msx may 
be further reduced in highly amplified cells by placing the GS gene under 
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the control of a regulatable promoter e.g. a heat shock promoter or a 
metal lothionein promoter. In such embodiments, GS gene expression may be 
switched on to provide a dominant selectable marker and increase copy 
number of the GS and non selected genes by amplification, and then down 
regulated to reduce the requirement for Hsx. 

Thus in preferred embodiments of the second and third aspects of the 
invention the GS DNA sequence is under the control of a regulatable 
promoter . 

Further advantages for use of GS arise from the possibility of using 
culture medium which is substantially free of (or at least significantly 
reduced in respect of) the GS inhibitor once maximal and stable 
amplification has been achieved. Thus in preferred embodiments the large 
amount of metabol ically active GS which the transfected, amplified cell is 
producing may be reduced by addition of glutamine or glutamine analogue/ 
to the culture medium. This is possible, becuause glutamine down regultes 
GS activity in many cultured cell lines, probably as a result of increased 
enzyme turnover. Under conditions of low or zero inhibitor concentration 
transformed cell line stability is increased since selection pressure for 
non-productive revertants is non-existant or markedly reduced. 

The various advantages of GS for co-amplification, as outlined above, 
may provide a more desirable co-amplification system than co-amplification 
system, such as the DHFR-me thotrexa te system, which have been proposed 
previously. Thus, for example. DHFR is typically const itut ively expressed 
by cells at relatively constant levels and it is usually necessary to use 
DIIFR~host cells, and such cells may not be good producers of heterologous 
gene products. In comparison endogeneous (resident) GS gene expression may 
be controlled by a variety of means permitting advantageous selection of 
incoming over resident GS genes. Furthermore requirements for GS 
inhibitor by transfected, amplified cell lines may be adjusted as described 
above. Generally GS may provide an advantageously flexible and 
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controllable coampl if ica tion system. 

Furthermore the GS coding sequences of the invention may be used to cure 
cells from glutamine dependence; for instance, to overcome growth 
limitation dne to ammonia production. 

For example, a GS gene under the control of a suitable promoter may be 
used to transfect cell lines. and such transfected cell lines 
advantageously express high levels of GS activity and are subject to lower 
levels of ammonia accumulation when grown in medium lacking glutamine, and 
thus may grow to higher cell densities than corresponding untransf ec ted 
cell lines. 

The invention is further described by way of illustration in the 
following examples which relate to the determination of the nucleotide 
sequence coding for GS from gene amplified CHO cells and which refer to the 
accompanying diagrams in which * 

Figure 1 shows restriction maps of cloned cDNAs coding for 
the GS; 

Figure 2 shows the cDNA sequence and corresponding amino 
acid sequence of a GS from gene amplified CHO cells; 

Figure 3 shows the mRNA sequence of the GS in the region of 
a polyadenylation site and, for the sake of comparison, the 
corresponding region of human U4 RNA, and 

Figure 4 shows the GS cDNA sequence of Figure 2. 

In the nucleotide sequences of Figure 2, 3 and 4 and elsewhere in the 
present description: 
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U - denotes a uridine residue 
G - denotes a guano sine nucleotide reside 
T — denotes a thymidine nucleotide residue 
A - denotes a adenosine nucleotide residue, and 
C - denotes a cytosine nucleotide residue. 
*** denotes a termination codon. 
- denotes an unknown nucleotide residue. 
In the amino acid sequences of Figure 2 and elsewhere in the present 
description: 

A - denotes an alanine residue 

C - denotes a cysteine residue 

D - denotes an aspartic acid residue 

E - denotes an glutamic acid residue 

F - denotes a phenylalanine residue ^ 

G - denotes a glycine residue 

II — denotes a histidine residue 

I - denotes an isoleucine residue 

K - denotes a lysine residue 

L - denotes a leucine residue 

M — denotes a methionine residue 

N - denotes an asparagine residue 

P - denotes a proline residue 

Q - denotes a glutamine residue 

R - denotes an arginine residue 

S - denotes a serine residue 

T - denotes a threonine residue 

V - denotes a valine residue 

V/ - denotes a tryptophan residue 

Y — denotes a tyrosine residue, and 

X - denotes an unknown amino acid residue 



7 



t 



EXAMPLE 

MATERIALS AND METHODS 

^- Growth of cells and isolation of mRNA 

Growth of cells and isolation of mRNA was done as previously (13). 

Isolation of Genomic GS Subclones 

pGS113 is a 3 .5kb Hindlll fragment containing the 3' end of the GS gene 

subcloned from pGSl into pUC9 (13). pGS2335 is a BamHI-EcoRI subclone of 

a AJL47 recombinant (14) selected from a clone bank prepared by cloning a 

Sau3A partial digest of GS-ampl if ied CHO cell DNA into the DamHI site of 

XL47 and selecting for hybridisation to pGSl (R.H. Wilson, P.G. Sanders and 

B.E. Hayward, in preparation). 

cDNA Cloning and Sequencing 

cDNA libraries were made in pBR3 22 and XgtlO using standard procedures. 
Messenger RNA was converted to c DNA using oligodT primed reverse' 

transcriptase, and ds DNA made by the RNase II procedure (15). The ds DNA 
was either tailed with C residues (16), annealed to G-tailed pBR322 

(obtained from BRL) and transformed into E .coli DH1 , or methylated and 
ligated to EcoRI linkers. Linkered DNA was digested with EcoRI and 
linkers removed by Sephadex G75 chromatography in TNES (0.14 M NaCl, 0.01 
M Tris pH 7.6 0.000 M EDTA 0.1% SDS) . Linkered DNA in the excluded 

volume was recovered by ethanol precipitation and annealed to EcoRI cut 
XgtlO DNA. Following in vitro packaging, recombinant phage was plated 
on a high frequency lysogeny strain of E.coli (Hfl) (17). 

About 5000 colonies and 20000 plaques were screened on nitrocellulose 
filters using nick-translated probes derived from pUC subclones of GS 
genomic sequences. A Ikb EcoRI-Bglll fragment from pGS2335 was used as a 
5' probe, and the entire 3 .5kb Hindlll fragment of pGS113 was used as a 3 ' 
probe. Plasmids from positive colonies were analysed by restriction 
digestion of small-scale preparations of DNA and the longest clone (pGSC45) 
selected for further analysis. 
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Positive X clones were plaque purified, grown up in 500 ml of E .col i 
C600 liquid culture, and the phage purified on CsCl step gradients. X DNA 
was prepared by formamide extraction (18). Clones with the longest 
inserts were indentified by EcoRI digestion and inserts subcloned into 
pATl53 and Ml3mp phage for further analysis and sequencing (19) . 

RESULTS AND DISCUSSION 

cDNA Cloning 

The availability of mRNA from a relatively abundant source (Msz 
amplified CHO cells) and plasmid sub-clones of X phage GS gene recombinants 
for use as probes contributed to the success of the cloning strategy. 

Two cDNA libraries were made; C-tailed cDNA was annealed to G 
tailed pBR322 and transformed into E .coli DHl , and EcoRI linkered and 
methylated cDNA was annealed to EcoRI cut XgtlO DNA, and after in vitro* 
packaging recombinant phage were plated on Hfl E.coli . 

The colonies or plaques were screened first with a probe derived from 
the 5' end of the GS gene. Positive colonies or plaques from this 
analysis were picked and rescreened with a longer probe covering most of 
the 3' end of the GS gene. In this way it was anticipated that clones 
with long or possibly full length inserts would be selected and that 
tedious rescreening for 5' ends would be avoided. Several plasmid clones 
and two XgtlO recombinants were derived by this means. Further analysis 
of one of the plasmid clones (pGSC45) by restriction enzyme digestion and 
partial sequencing revealed that it had an insert of about 2.8kb and a 
polyA sequence at the 3' end. Northern blots indicate that a major mRNA 
for GS is about this size (13), so the insert in pGSC45 was potentially a 
full length copy of this mRNA. The two X clones (Xgs 1.1 and Xgs 5.21) 
had inserts of 1450 bp and 1170 bp respectively. Restriction maps and 
alignment of the cDNA inserts in pGSC45 , Xgs 1.1 and Xgs 5.21 are shown in 
Fig. 1. It is clear that the inserts in the X clones are considerably 
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shorter at the 3 ' end than the plasm id clone and may represent cDNA copies 
of one of the minor raRNAs . The insert in \gs 1.1 extends some 200 base 
• pairs at the 5' end. 

Analysis of the Nucleotide Sequence 

The nucleotide sequence of the mRNA coding for glutamine synthetase 
(Fig. 2) was obtained from M13 subclones of pGSC45 and EcoRI subclones of 
Xgs 1.1 and Xgs 5.21 (Fig. 1). Some confirmatory sequence was also 
obtained from the genomic clone pGSl (13) . Primer extension off GS mRNA 
with an oligonucleotide complementary to nucleotides 147-166 gave a major 
extension product of 166 nucleotides. This shows that pGSC45 only lacks 
six or seven nucleotides from the 5' end of the mRNA (Fig. 2). Nucleotide 
sequencing of the primer extended product by Maxam-Gilbe r t sequencing (20) 
confirmed this although the first two bases could not be determined. 

The 5' noncoding sequence of the GS cDNA is 146 bases with a G+C* 
proportion of 64.6% (compared with the coding portion at 53.1% G+C) . The 
5' noncoding region of the mRNA can assume a conformation with a free- 
energy of -53.3 Kcal as calculated by the program of Zuker and Stiegler 
(21) . This structure folds into two extended stem-loop structures centred 
on bases 43 and 107, but leaves the 10 bases upstream of the initiation 
codon free (Fig. 2) . Two regions of the sequence not involved in the 
proposed structure have some homology to the 3' end of 18S rRNA, namely 
bases 96-102 and 138-143 (22) . Despite being nearly lkb shorter than the 
insert in pGSC45 » the 3' end of Xgs 5.21 also contained a polyA sequence, 
suggesting that this clone was derived from the minor mRNA of c 1 .4kb found 
in amplified CHO cells (13). A 3' untranslated region of 108 nucleotides 
lies upstream of this site but there is no AATAAA consensus contained 
there. However, the region does show several stretches of complementarity 
to the 5' end of U4 RNA (23). the best being that which flanks the 
polyadenyla tion site and presents it is a structure similar to those 
proposed for polyadenyla tion by Derget (24). 
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This is shown in Fig. 3. 

Sequences at the 5' end of Xgs 1.1. which is some 200 bases longer at 
the 5' end than pGSC45 , showed considerable inverted homology to sequences 
at the 3' end of this clone (which was about 150 bases shorter at the 3' 
end than kgs 5.21, see Fig. 1). These additional sequences are probably 
cloning artefacts, arising during second strand synthesis (27) due to 
nucleotides 6-1 priming DNA synthesis via their complementarity to 
nucleotides 1132-1137 despite the fact that the RNase H procedure (15) was 
used. It cannot be excluded that the duplication arises from 
transcription of a modified GS gene, producing a modified mRNA which has 
been subsequently cloned, although the primer extension results did not 
suggest that there was any major mRNA species with a 5' end longer than 166 
nucleot ide s . 

The precise relationship between the multiple mRNA species found in CHO* 
cells with amplified GS genes, those found in wild type CHO cells and the 
cDNA clones, will require further analysis. In similar cells with 
amplified d i hydr of o la t e reductase genes mRNA species with variant 
transcription initiation and polyadeny la tion sites have been observed (25, 
26). Preliminary comparisons of the organisation of the DNA in clones 
covering the complete GS gene and that indicated by Southern blots of wild 
type CUO cell DNA, suggest that no detectable rearrangements of the coding 
sequence have occurred (M. Macdonald and R.W. unpublished results). 
Predicted Amino Acid Sequence 

The predicted amino acid sequence for CHO glutamine synthetase in shown 
in Fig 2. The NH 2 terminus was identified by homology with the NH 2 
terminal peptide found in bovine brain glutamine synthetase (28). The 
initiating AUG follows a precise CCACC upstream consensus sequence found 
for true initiation codons (29) and is followed by a purine (i.e. 
CCACCATGG) . Another AUG codon at position 14 is not in a favourable 
context by the same criteria and is followed by a termination codon in 
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frame 21 nucleotides downstream. The predicted amino aicd composition of 
the GS protein gives a molecular weight of 41,964 (not allowing for N- 
teroinal acetylation (28) or other post-translational modifications), in 
agreement with other estimates (13 ,30) . The basic nature of the protein 
is reflected in the excess of arginine [23] , histidine [13] and lysine [20] 
residues over those of aspartate [18] and glutamate [27] . 

The codon usage of the Chinese hamster GS mRNA conforms well to a 
mammalian consensus (31). Exceptions are that the CCY proline codons are 
favoured (22/1 observed, 15/8 expected), and the CGN arginine codons are 
unduly favoured over the AGR codons (21/3 observed, 13/11 expected). The 
biased codons are not clustered in the mRNA. 

Our amino acid sequence shows excellent homology with bovine and other 
GS sequences obtained by peptide sequencing indicative of an accurate DNA 
sequence (28, 32) . The amino acid sequence allows the ordering of all the* 
cyanogen bromide peptides and most of the tryptic peptides published for 
bovine GS (28) . Many of the differences between the bovine and hamster 
sequences can be identified as being due to single base changes usually 
leading to the conservative substitution of an amino acid. However, at 
two regions the amino acid sequences differ significantly; bovine GS 
residues 52 - 60 would seem to be better placed as 106 - 114, and bovine 
residues 277 - 281 would be better placed as 305 - 309, substituting the 
bovine tryptic peptide T IX - B-l as 276 - 278. Additionally, we would 
reverse lysine 105 and arginine 106 of the bovine sequence in order to 
improve homology and to locate bovine peptide T X-B (28) . 

The CHO GS sequence shows some homology with the GS sequence from the 
cyanobacterium Anabaena (33) notably at residues 317-325 (N-R-S-A-S-I-R- 
P) which are an exact match to Anabaena residues 342-350. In addition, 

related sequences can be found in glutamine synthetases isolated from 
plants (34, 3 5). A more detailed analysis of GS sequence comparisons will 
be published elsewhere. 



12 



t 



The reaction catalysed by GS is complex (1) . ATP hydrolysis leads to 
enzyme-bound gamma-g lutamy 1-phosphate , which is subject to attack by 
ammonia to yield glut amine, phosphate and ADP. Consequently, we could 
expect a tertiary domain structure of GS that might reflect the three 
different substrate binding sites. However, no obvious homologies were 
found to the G.X.G.X.X.G. nucleotide-binding domain of many enzymes (36) or 
to other sequence motifs of ATP-binding enzymes (37). Owing to this, and 
because of the lack of consensus sequences for arginine-ADP-ribosylation, 
we are unable to speculate as to the regulatory arginine residue involved 
in ADP-ribosylation (9) . Carbamoy 1-phosphate synthetase (CPS) has a 
similar reaction mechanism to GS (1,38), but comparisons of our GS sequence 
with that of E.coli CPS (39) show no simple homologies. 

Access to complete cDNA. clones and genomic clones for Chinese hamster 
GS has not only allowed the amino acid sequence of glutamine synthetase to^ 
be predicted, but will allow a detailed analysis of the position of the 
introns within the gene and their relationship to the exons coding for the 
structural domains of the protein. 

An active GS transcription unit was constructed from the cDNA clones 
described above, under the control of promoter and polyadenyla tion 
sequences from SV40 . This transcription unit was used as a dominant 
selectable marker to introduce a gene coding for tissue plasminogen 
activator (tPA) into CHO cells. Co-amplification was achieved by 
selection in Msx and high levels of tPA production were obtained. 
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Fig. 1 

Restriction maps of the GS specific cDNA inserts in pGSC45 . Xgs 1.1 and 
Xgs 5.21 clones. As can be seen from the arrows, the nucleotide sequence 
of the coding region of GS was predominantly obtained from M13 subclones 
of Xgs 1.1 and various regions confirmed using subclones of Xgs 5.21 and 
pGSC45 . 

Fig. 2 

Nucleotide (a:) and predicted amino acid (b : ) sequences for the Chinese 
hamster GS gene, together with the published (28) peptide sequences (c:) 
and peptide designations (d:) of the bovine brain GS. The sequence (e:) 
represents the polyadenylation site used in Xgs 1.1. Amino acid residues 
are indicated as their single letter codes; non-homologous bovine residues 
are indicated in lower case letters. The below base 7 represents the^ 

start of the pGSC45 insert and the ' ' marker represents the priming 

sequence in Xgs 1.1 complementary to residues 1135-1132. The '> ' and '< ' 
symbols represent bases involved in stems of the calculated structure for 
the 5' untranslated region. 

Fig. 3 

Homologies between the weak polyadenylation site of the short Chinese 
hamster mRNA and human D4 RNA. Polyadenylation occurs either before or 
after the A residue marked with an asterisk. 

Fig. 4 

Chinese hamster glutamine synthetase (L-glutamate : ammonia ligase (ADP— 
forming). EC 6.3.1.2) cDNA sequence. 

From gene-amplified variant CHO cells. No evidence for any 
rearrangements in the cDNA sequence compared with wild-type. 
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1-2 Bases unknown 

147-149 Initiation codon 

150-1265 Coding sequence (372 a. a.) 

1266-1268 Termination codon (UAA) 

1377 Inefficient polyadeny lation site 

1421 End of sequenced region of cDNA 

(c.2800) Polyadenylation site of full-length mRNA 
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1 10 20 30 40 50 60 70 
a: CCGAGCCGAGAATGGGAGTAG AGCCG ACTGCTTGATTCCCACACCAATCTCCTCGCCGCTCTCACTTCG 
»»>>>>>»>»»>»>> »» «<< «< «<<< «< 

80 90 100 110 120 130 mo 

a: CCTCGTTCTCGTGGCTCGTGGCCCTGTCCACCCCGTCCATCATCCCGCCGGCCACCGCTCAGAGCACCTTCCACC 
<< «<«<<<»>> >>>>>> «<«< « « 

150 160 170 180 190 200 210 220 

ATGGCCACCTCAGCAAG TTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAGGGTGAGAAA 
MATSASSHLNKNIKQMYLCLPQGEK 
j£ A ' T,S, A,S, S,H, LBKglKZvYmaLPQGd K 
CB X-D CB XI _ B 

1 5 10 15 20 

230 240 250 260 270 280 290 

a: GTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGGACTGCGCTGCAAAACCCGCACCCTGGACTGTGAG 

br VQAMYI WVDGTGEGLRCKTRTLDCE 

c:VQAMYIWiDGTGE GLRCKTRT LXsX 
d: CB VII 

25 30 35 40 45 

300 310 320 330 340 350 360 370* 

a: CCCAAGTGTGTAGAAGAGTTACCTGAGTGGAATTTTGATGGCTCTAGTACCTTTCAGTCTGAGGGCTCCAACAGT 
b: PKCVEELPEWHFDGSSTFQSEGSNS 
c:PKkpastnlzr 

50 55 60 65 70 

360 390 400 410 420 430 440 

a: GACATGTATCTCAGCCCTGTTGCCATGTTTCGGGACCCCTTCCGCAGAGATCCCAACAAGCTGGTGTTCTGTGAA 
°* DMYLS PV AM F R D P FR RDPN KLVF C E 
c: M *LvPaAMFRDPFkRDPNXLVFCE 
: CB XII-C CB VI-C 

75 80 85 90 95 

450 460 470 480 490 500 510 520 

: GTTTTCAAGTACAACCGGAAGCCTGCAGAGACCAATTTAAGGCACTCGTGTAAACGGATAATGGACATGGTGAC-C 
: VFKYHRKPAETNLRHSCKRIMDMVS 
:VFXYNkrPAETNLXXtC MB MVS 

: inn ^ CB XIV CB XII-C 

100 105 no 115 120 

530 540 550 560 570 580 590 

: AACCAGCACCCCTGGTTTGGAATGGAACAGGAGTATACTCTGATGGGAACAGATGGGCACCCTTTTGGTTGGCCT 
:f! QHPWFGMEQEYTLMGTDGHPFGWP 
:NQXPXFGMEQEYTLMGTrGrPFGXP 
: CB XII-A CB VI-D 

12 5 130 135 140 145 

600 610 620 630 640 650 660 670 

: TCCAATGGCTTTCCTGGGCCCCAAGGTCCGTATTACTGTGGTGTGGCCGCAGACAAAGCCTATGGCACGGATATC 
•SNGFPGPQG PYYCGVGADKAYGRDI 
: S N C F X G P Q a 

150 155 160 . 165 170 

6S0 690 700 710 720 730 740 

G.GGACGCTCACTACCGCGCCTGCTTGTATGCTCGGCTCAAGATTACAGGAACAAATCCTGACGTCATCCCTGCC 
''EAHYRACLYAGVKITGTNAEVMPA 
ACLYAGiK gGTNXXVMPA 
T VII-G - CS VI-D CB XI-H 

'7b ISO 185 190 195 



01597 



J a 

750 760 770 780 790 800 810 820 

a: CAGTGGGAATTCCAAATAGGACCCTGTGAAGGAATCCGCATGCGAGATCATCTCTGGGTGGCCCGTTTCATCTTG 
b:QWEFQIG PCEGIRMGDHLWVARFIL 
e:QWEFQIGPCEGIdM 

200 205 210 215 220 

830 8H0 850 860 870 880 890 

a: CATCGAGTATGTGAAGACTTTGGGGTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGGAATGGTGCA 
b:HRVCEDFGVIATFDPKPIPGNWNGA 
225 230 235 240 245 

900 910 920 930 940 950 960 970 

a: GGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGGTCTGAAGCACATCGAGGAGGCCATCG AG 
b:GCHTNFSTKAMREENGLKHIEEAIE 
c ' MXEENGLKylEEAIE 
d: CB III-C 

250 255 260 265 270 

980 990 1000 1010 1020 1030 1040 

a: AAACTAAGCAAGCGGCACCGGTACCACATTCGAGCCTACGATCCCAAGGGGGGCCTGGACAATGCCCGTGGTCTG 
brKLSKRHRYHIRAYDPK GGLDNARGL 
c:XLStKsninyq AYBPK 
d: T IX-B-2 T IX-B-1 

275 280 285 290 295 * 

1050 1060 1070 1080 1090 1100 1110 1120 

a: ACTGGGTTCCACGAAACGTCCAACATCAACGACTTTTCTGCTGGTGTCGCCAATCGCAGTGCCAGCATCCGCATT 
b:-TGFHETSNINDFSAGVANRSASIRI 
c: TSKINyq gASIRI 

d : (-C3 III-C) T IX-C-1 

300 305 310 315 320 

1130 1140 1150 1160 1170 1180 1190 

a: CCCCGGACTGTCGGCCAGGAGAAC-AAAGGTTACTTTGAAGACCGCCGCCCCTCTGCCAATTGTGACCCCTTTGCA 
b: PRTVGQEKKGYFEDRRP5ANCDPFA 
c: P R 
d: T IX-E 

325 330 335 340 345 

1200 1210 1220 1230 1240 1250 1260 1270 

GTGACAGAAGCCATCGTCCGCACATGCCTTCTCAATGAGACTGGCGACGAGCCCTTCCAATACAAAAACTAATTA 
VTEAIV RTCLLMETGDEPFQYKN*** 
TCLLNZTGBZPFQYK 
T VI-K 

350 355 360 365 370 372 

1280 1290 1300 1310 1320 1330 1340 

a: GACTTTGAC-TGATCTTGAGCCTTTCCTAGTTCATCCCACCCCGCCCCAGCTGTCTCATTGTAACTCAAAGGATGG 

1350 1360 1370 1380 1390 1400 1410 1420 

a: AATATCAAGGTCTTTTTATTCCTCGTGCCCAG TTAATCTTGCTTTTATTGGTCAGAATAGAGGAGTCAAGTTCTT 
e: AATATCAAGGTCTTTTTATTCCTCGTGCCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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Fig. 3 
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GSmRNA 5' C UCGUGCC C_A - GUU AAUCUUG C UU UU 
RNA 3' uAGCGCGG^cc^uUUGGAGU-AA^ 
53 28 



* 



23JAh.'se- 0°S97 

7* --CCGAGCCG AGAATGGGAG TAGAGCCGAC TGCTTGATTC CCACACCAAT CTCCTCGCCO 
SJrI CAL:iTc <5CCTCGTTC i CGTGGCTCGT GGCCCTGTCC ACCCCG7CCA TCAT«":C<":G<"*": 
1^1 GUC.-CAL.UiCT CAGAGCACCT TCCACCATGG CCACCTCAGC A A G T T C <": C A C 77GA-<~ A£ A^ 
-t! ^I^i*^ AATGTACTTG TGCCTGCCCC AGGGTGAGAA AGTCCAAGCC ATGTATATCT 
Arr^-^I V T AC T GGAGAA GGACTGCGCT GCAAAACCCG CACCCTGGAC TGTGAGCCCA 
t'ft ??I?T?I AwA -^-^TTACCT GAGTGGAATT TTGATGGCTC TAGTACCTTT CAGTCTGAGrt 
c61 GCTCuAACAG TGACATGTAT CTCAGCCCTG TTGCCATGTT TCGGGACCCC TTCC'GC AGAG 
tt'? A IiS?-r A ? A ': JCTGGTGTTC TGTGAAGTTT TCAAGTACAA CCGGAAGCCT GCAGAGACCA 
t' : :l rlllr*^ CTCGTGTAAA CGGATAATGG ACATGGTGAG CAACGAGCAC CCCTGGTTTG 
GA -:J G ¥ AA ^ A GGAGTATAGT CTGATGGGAA CAGATGGGCA CCCTTTTGGT TGGCCTTCCA 
Vl\ A TV ,GC TT;Vi; tgggccccaa GGTCCGTATT ACTGTGGTGT GGGCGCAGAC AAAGCCTATG 
t-'i r^ '^lrJ L:GTGGAGGCT cactaccgcg CCTGCTTGTA TGC-TGGGGTC AAGATTACAG 
1*\ S A ?*T? A ^T?? TGAGGTCATG CCTGCCCAGT GGGAATTCCA AATAGGACCC TGTGAAGGAA 
7ol TUCOCMIUW AGATCATCTC TGGGTGGCCC GTTTCATCTT GCATCGAGTA TGTGAAGACT 
- :4 J TJGGGGTAAT AGCAACCTTT GACCCCAAGC CCATTCCTGG GAACTGGAAT GGTGCAGGCT 
VOl OCChT„l;l:AA CTTTAGCACC AAGGCCATGC GGGAGGAGAA TGGTCTGAAG CACATCGAGG 
- * AeGCCATCGA GAAACTAAGC AAGCGGCACC GGTACCACAT TCGAGCCTAC GATCCCAAGG 
UGUGCCTG^A CAATGCCCGT GGTCTGACTG GGTTCCACGA AACGTCCAAC ATCAACGACT 
IJIi : T GC :- G TGTCGCCAAT CGCAGTGCCA GCATCCGCAT TCCCCGGACT; GTCGGCCAGG 
P"r A ';^; ,,J S TTACTTTGAA GACCGCCGCC CCTCTGCCAA TTGTGACCCC TTTGCAGTGA 
G -: G, "'??V; A ; CGiCCGCACA TGCCTTCTCA ATGAGACTGG CGACGAGCCC TTCCAATACA 
AA. : «CT« rt) T AGACITTGAG TGATCTTGAG CCTTTCCTAG TTCATCCCAC CCCGCCCCAG 
\ti\ C ^l!r] CATT GTAACTCAAA GGATGGAATA TCAAGGTCTT TTTATTCCTC GTGCCCAGTT 
1 A A 7 C 7 C G C 7 - T T T A T T G G T C A G A 7 A G A G G A 7CA * 
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